Increase in online available bioinformatics tools for protein research creates an important opportunity for scientists to reveal characteristics of the protein of interest by only starting from the predicted or known amino acid sequence without fully depending on experimental approaches. There are many sophisticated tools used for diverse purposes. However, there are not enough reviews covering the tips and tricks in selecting and using the correct tools as the literature mainly states the promotion of the new ones. In this review, with the aim of providing young scientists with no specific experience on protein work a reliable starting point for in silico analysis of the protein of interest, we summarized tools for annotation of proteins. Annotation has included identification of motifs and domains, determination isoelectric point, molecular weight, subcellular localization, and post-translational modifications by focusing on the important points to be considered while selecting from online available tools.
Introduction
Development of new generation sequencing technologies in transcriptomics and mass spectrometrybased proteomics enabled generation of massive amount of data in DNA, RNA and protein levels. Identifying the function of a protein in vivo, on the other hand, still requires a functional genomics approach involving detection of tissue-specific promoter activities, subcellular localization, possible post-translation modifications, and defining knock-outs or over-expressing mutants (Salzano and Crescenzi, 2005; Free et al., 2009 ). There are quite number of bioinformatics tools that can be used for in silico analysis of a protein to design a functional genomics approach (Table 1) , thereby, in this manuscript we aimed to summarize online available tools for characterization of the protein of interest through in silico calculation of molecular weight and isoelectric point, detection of protein motifs and domains, estimation of subcellular localization and possible post-translational modifications.
Annotation and Prediction of the Structure
The first step in a protein work is the annotation, i.e. naming, thus, identifying the protein coded by DNA or amino acid sequence at hand (Wilson et al., 2000) . The establishment of Gene Ontology Consortium made it possible to tackle massive amount of sequence data by converting it into more structured and publically available form (Ashburner et al., 2000) . There are three important ontologies that the Consortium proposed for a wellprepared study: prediction of the function of the gene product per se, i.e. molecular function, estimation of the role of its protein in a metabolic process, and the location of its product in the cell (Ashburner et al., 2000) . In silico annotation of a protein, therefore, mainly involves prediction of its function by means of homology, possible interactions and post-translational modifications, as well as, its subcellular localization.
It is important to note that availability of highthroughput sequencing technologies enabled the scientists to work with predicted proteins from the genes encoded by the genome. There are many protein specific databases including Protein Data Bank (Berman et al., 2002) , UniProt (Universal Protein Resource) Database (Apweiler et al., 2004) , and NCBI (The National Center for Biotechnology Information) Protein Database (Gish and States, 1993) . Apart from these common databases, there are also species-specific resources such as The Arabidopsis Information Resource (TAIR) (Huala et al., 2001) , Solanum tuberosum genome database (PGSC et al., 2011) , and Medicago truncatula Genome Database (MTGD) (Krishnakumar et al., 2015) . Gramene Protein Database with diverse species opportunity (barley, Brachypodium, foxtail millet, maize, oat, pearl millet, rye, sorghum, wheat, rice, wild rice and other Oryza), for example, offers a very informative data (Stein et al., 2002) . The most widely used database for protein studies is UniProt which was established on 2002 with the decision to create one-hand information center by combining European Bioinformatics Institute (EBI) and Swiss Institute of Bioinformatics (SIB) (The UniProt Consortium, 2008) . Currently, UniProt is serving in two ways; Swiss-Prot and TrEMBL, where both basically provide users with, if available, post-translational modification of the protein of interest, family or domain detection, prediction of its subcellular localization, and possible interactions with other proteins (Apweiler et al., 2004) . As of July 2016, TrEMBL provides over 65,000,000 entries waiting to be fully annotated, and SwissProt mostly functions as a final destination to which annotated sequences from TrEMBL or other locations can be transferred and stored.
Prediction of the annotation or function of a protein is also possible through identification of conserved motifs and/or domains in protein families. Most of the bioinformatics tools for detecting motifs and domains mainly benefit from the fact that closely related species share common regulatory or functional regions. Motifs and domains are two terms that are often confused; a motif is a structural unit including conserved sequence motif, whereas domain is the conserved functional motif. In other terms, while sequence motifs concern the primary sequence, functional motif is mostly about the secondary structure. There are many tools available that provide motif search including MEME (Multiple Em for Motif Elicitation) (Bailey et al., 2009 ) and MiniMotif Miner (Balla et al., 2006) . Existing tools perform motif search both in DNA and protein sequences; however the results of motif search in DNA sequence are mostly uncreditable due to the presence of short and degenerate sequences. Conversely, motif search through protein sequence is more reliable, and there is less likelihood to get incorrect results because of the insufficiency of the program (Bailey et al., 2006) .
Prediction of secondary and/or tertiary structure of a protein through electron microscopy, X-Ray and NMR (Nuclear Magnetic Resonance) can clearly help to reveal the main function by enabling the prediction of active and/or ligand binding sites. Protein Data Bank was generated for this purpose; to create an open community macromolecular structure database and, as of July 2015, it contains 120,388 protein structures both in secondary and tertiary levels. This database enables the users to search existing protein structures based on homology and ligand binding capacity. The database actively involves protein structures of Homo sapiens, Escherichia coli, Mus musculus, Bos taurus, Saccharomyces cerevisiae and Rattus norvegicus, but there is a lack of structure predictions for the most plant proteins (Berman et al., 2000) .
Calculation of Isoelectric Point and Molecular Weight
For the determination of molecular weight (MW) and isoelectric point (pI) via mass spectroscopy, the most critical point is the isolation of the pure protein, which, in most cases, cannot be performed due to, for example, low stability in vitro, or requirement of ions for structural stability. Prediction of MW and pI is also critical for the design of 2D-gel electrophoresis in separation of proteins in a proteomics approach. Knowing the pI of a protein, i.e. the pH in which the total charge of a protein is accepted to be zero, is also important to adjust its solubility, especially for isolation and storage purposes. Keep in mind that a protein in water with a pH very close to the protein's pI will mostly lead to minimal solubilization.
The most widely used approach for MW and pI determination based on average pKa (acid disassociation constant) value of the protein sequence at hand is by ExPASy (Expert Protein Analysis System) supported Compute pI/MW tool (Bjellqvist et al., 1993; Bjellqvist et al., 1994; Gasteiger et al., 2005; Henriksson et al., 1995) . There are other tools available for in silico prediction of pI and MW such as TagIdent (Gasteiger et al., 2005; Wilkins et al., 1998a) and Multildent (Wilkins et al., 1998b) ; however they only accept sequences already available in SwissProt or UniProt databases. Despite the advantage of in silico predicted pI, it should be cautiously accepted as bioinformatically calculated pI may not always be reliable (Kiraga et al., 2007; Garcia-Moreno, 2009 ). There are some important shortcomings present in those calculations such that pH range capacity is restricted with acidity, therefore pI for highly basic proteins cannot be detected (Bjellqvist et al., 1993; Bjellqvist et al., 1994) , and post-translational modifications are excluded in all calculations (Hoogland et al., 2000) .
Prediction of Subcellular Localization
Determination of the subcellular localization of a protein is important to correctly define its function, especially for receptor proteins that reside in membrane systems (Geda et al., 2008) . Experimental prediction of a subcellular localization of the protein of interest requires labeling with a dye, mostly EGFPs (Green Fluorescent Protein), and approaches like transient expression in a model plant system (Llopis et al., 1998) . Such approaches, however, do not always lead to successful outcomes.
There are several online available bioinformatics tools that can provide a reliable subcellular localization in a various types of organisms. Current bioinformatics tools commonly used for the prediction of subcellular localization are divided into three in terms of their search criteria: (i) amino acid composition, (ii) signatures on the protein, and (iii) homology-based (Scott et al., 2004) . SignalP (Nielsen et al., 1997) , TargetP (Emanuelsson et al., 2000) and Predotar (Small et al., 2004) use some basic machine-learning methods, including neural networks (Reinhardt and Hubbard, 1998) and support vector machines (Hua and Sun, 2001) , to predict localization on the amino acid composition level. These tools predict the proteins in chloroplast, mitochondria and endoplasmic reticulum, but incapable of predicting the proteins localized in other organelles or places. Another commonly used approach is to predict the localization through the protein characteristics including signal peptides and transmembrane motifs with the benefit of knearest neighbor and Bayesian network methods (Dubey and Chouhan, 2011) . Nearly each protein carries a signal peptide signature specific to the location that it resides. For example, nuclear proteins have signal peptides that are not cleaved, proteins targeted from cytosol to mitochondria have 20-60 long amino acid sequence in their N-terminus, and transmembrane proteins have hydrophobic side chains. PSORTb (Yu et al., 2010) and PSLpred (Bhasin et al., 2005) uses this type of approach and the benefit of machine learning to improve the prediction of localization in different compartments for the proteins that have an ability to reside in different locations at different times. The last method for the prediction is mainly based on homology through phylogenetic relationship (Dubey and Chouhan, 2011) .
The most important criteria of using subcellular localization prediction tools is being specific to organism itself through their signal signatures. Hence, every program is not suitable for all organisms. Therefore, the specificity of the tools to prokaryotes, fungi, plants or animals, should be identified before use to get proper match with signal. Another limitation is based on the design of the tool; some tools like comPPI (Veres and Gyurko, 2014) , Compartments (Binder and PletscherFrankild, 2014 ) require accession number of the protein, which limits the search on already identified proteins.
Computation of Possible Post-Translational Modifications
Post-translational modification (PTM) is a process of the addition or removal of some chemical groups to amino acid structures to manage cellular organization in a controlled manner in several developmental stages. PTMs after translation increase the diversity of proteins in terms of their function on dedicated regions to modify tertiary structure of the protein in either reversible or irreversible way. For this reason, investigation of PTMs on proteins is important to reveal the process in which protein function and to predict the localization. There are more than 100 possible PTMs known, but just a few of them are properly studied and understood (Williams and Stone, 1995) .
Experimental determination of PTMs on the protein of interest not just requires effective and functional isolation of protein from the organism, but also traditional and laborious techniques like Edman degradation, immunochemistry and several mass spectrometry applications. Some established databases and tools have really profound contributions for the detection of possible PTMs in a simpler manner as supported by many publications (Gunawardena et al., 2011; Bendtsen et al., 2004) . PTMs manage their function in three different types of processes that takes place including enzymaticaddition or -removal of chemical groups to the amino acid skeleton, chemical change in the surrounding environment, and physically destined for degradation (Cordwell et al., 2013) . Most commonly encountered PTMs include phosphorylation, glycosylation, methylation, sulfation, acetylation, hydroxylation and prenylation, so we mainly focused on the prediction of these PTMs.
Phosporylation: Phosphorylation holds the position of being the most prevalent PTM and two types of enzymes, kinases and phosphatases, are involved in this type of modification. Due to ability to remove formerly added phosphate group (by kinase) by phosphatases, this type of modification is considered to be reversible (Ubersax and Ferrell, 2007) . Phosphorylation mostly occurs on serine, threonine and tyrosine amino acids (Sefton and Hunter, 1998) . Tools searching for phosphorylation in proteins use this strategy to facilitate the prediction of possible phosphorylation sites include PhoshoSite (Hornbeck et al., 2012) , Phospho.ELM (Diella et al., 2004) , PPSP , ScanSite (Obenauer et al., 2003) , and NetPhosK 1.0 (Blom et al., 1999) .
Glycosylation: According to SWISS-PROT, more than half of the proteins were destined to be glycosylated to be functional (Apweiler et al., 1999) . Membrane proteins and secretory proteins need glycosylation through ER-Golgi pathway to benefit from solubility and hydrophobicity of glycosylated proteins to avoid undesired intermolecular interactions and to define the functional shape of the protein. There are five different types of glycosylation which are N-linked, O-linked, glypiation, C-linked and phosphoglycosylation. Possible glycosylation sites search for a consensus sequence like Asparagine-XXX (any type of amino acid other than proline)
Serine/Threonine/Cysteine in N-linked glycosylation. However in O-linked glycosylation, there are no known conserved sequence pattern, instead in this situation they have preference for the serine and threonine residues (Varki et al., 2009) .
Present bioinformatics tools specifically search for any kind of glycosylation types. There are several other tools which are online accessible to search for different types of modifications at one position, like GPP (Hamby and Hirst, 2008) . Tools for the GPI (glycophosphatidylinositol)-anchor search includes Big-PI (Eisenhaber et al., 2003) , GPI-SOM (Frankhauser and Maser, 2005) and PredGPI (Pierleoni et al., 2008) .
Acetylation: Acetylation effectively takes place in histone modifications which is very important for epigenetic control of gene expression, and is thought to be responsible from various functions of proteins which makes this PTM prominent topic for bioinformaticians (Valdes-Mora et al., 2012) . Acetylation can occur in two ways: co-translationally, which commonly includes the transfer of acetyl groups to the N-alpha-terminal group of proteins, and post-translationally in which acetylation occur in the N-terminal epsilon-lysine (Polevoda and Sherman, 2000) . The latter type of acetylation modification was shown to have an essential role in the regulation of protein-DNA interaction (Vuzman et al., 2012) . Today, very limited number of acetylation search tools are available. One of those tools is NetAcet (Kiemer et al., 2005) , which is able to find only the proteins which are undergone N-alpha-terminal acetylation, but not Nepsilon-lysine acetylation. With the development of PHOSIDA (Gunawardena et al., 2011) , an important gap in lysine acetylation search has become possible. PHOSIDA can make multiple searches for different posttranslational modifications including acetylation, phosphorylation and glycosylation, but if we evaluate the tool in terms of organism type, for the acetylation, search is only accessible for human proteins for now.
Beside these very commonly encountered modifications, there are tools currently being developed for the other post-translational modifications involving SUMOsp (Xue et al., 2006a) for sumoylation, CSS-Palm (Zhou et al., 2006) and NBA-Palm (Xue et al., 2006b ) for the palmitoylation, and Sulfinator (Monigatti et al., 2002) and SulfoSite (Chang et al., 2009 ) for the sulfation, BSPAT (Li et al., 2015) , iDNA-Methyl (Xiao and Qui 2015) for methylation, iHyd-PseAAC (Chou, 2011) and PredHydroxy for hydroxylation, PrePS (Maurer-Stroh and Eisenhaber, 2005) and PRENbase (Maurer-Stroh et al., 2007) for prenylation.
Conclusions
The main aim of this review was to provide a baseline for students with no experience on protein studies to create a reliable background to design their functional genomics approach for proper identification of their protein of interest. For that, we reviewed commonly used online available bioinformatics tools in Table 1 and the important factors to be considered while choosing and using these tools.
